PRENATAL DIAGNOSIS
Prenat Diagn 2003; 23: 716-721.

Published online in Wiley InterScience (www.interscience.wiley.com). DOI: 10.1002/pd.673

Early prenatal diagnosis of recurrent 46,XY partial

gonadal dysgenesis

V. Mazza'*, C. Ottolenghi?, I. Di Monte!, F. Baldassari!, F. Rivasi*, A. Volpe! and A. Forabosco®
'Obstetric and Gynecology Unit, Department of Mother and Child, Modena and Reggio Emilia University, Modena, Italy

2Lab of Genetics, NIH/NIA, IRP, Baltimore, USA

3Medical Genetics Unit, Department of Mother and Child, Modena and Reggio Emilia University, Modena, Italy
*Department of Anatomic Pathology and Forensic Sciences, Modena and Reggio Emilia University, Modena, Italy

Objectives We present a case of early prenatal diagnosis of recurrent 46,XY partial gonadal dysgenesis, by

combining early genetic and sonographic evaluations.

Methods The conceptus of a mother with a first child affected by 46,XY gonadal dysgenesis was
sonographically evaluated at 21- and 23-mm BPD (12+2 and 125 LMP-based age) and the female genitalia
were observed. Karyotype analyses was performed on amniotic fluid and it revealed a 46,XY complement
without mosaicism. SRY was amplified by PCR for molecular analyses.

Results We observed a discordance between female phenotype detected at 21 and 23 mm of biparietal
diameter (12*2? and 12*° LMP-based age) and male karyotype. In the child and the fetus, seminiferous cords
were not recognisable, whereas rare Leydig cells and no germ cells could be identified. Internal and external
genitalia were sexually ambiguous in the child and feminized in the fetus.

Conclusion This is the first case of early prenatal diagnosis of recurrent 46,XY partial gonadal dysgenesis
and it points to the importance of combining early analyses of genetic sex with sonography in the management
of anomalies of sexual development, with particular regard to syndromes for which the risk of recurrence is
little understood. Copyright © 2003 John Wiley & Sons, Ltd.
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INTRODUCTION

Sexual differentiation in the eutherian mammal is a
sequential process beginning with the establishment
of chromosomal sex at fertilization, followed by the
development of gonadal sex, and culminating in the
formation of the sexual phenotypes (George and Wil-
son, 1994). Each step in this process is dependent
on the preceding one, and under normal circum-
stances, chromosomal sex agrees with phenotypic sex.
Occasionally, however, chromosomal sex and pheno-
typic sex do not agree, and the sexual phenotype is
ambiguous.

Sonographic fetal-gender determination has become
an important part of routine prenatal examination. Accu-
racy of sonography in early pregnancies is now well
estabilished.

There have been a number of studies using ultrasound
to detect and correctly identify fetal gender in the
early second and third trimester (Stephens and Sherman,
1984), (Birnholz, 1983), (Plattner et al., 1983). As a
consequence of improvement in ultrasound technology,
and with the advent of transvaginal sonography, some
authors have begun to use it in the first trimester itself.
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In Whitlow’s work, the overall success of correctly
identifying fetal gender increased with gestation from
46 to 75 to 79% and then to 90% at 11, 12, 13, and
14 weeks respectively (confirmed by crown-rump length
(CRL)); the overall success of correctly identifying the
fetal gender at 12 to 14 weeks was found to be 80%
(Whitlow et al., 1999). According to Benoit, fetal gender
was correctly identified in 98.5% at 12 weeks and in
100% at 13 weeks (Benoit, 1999).

According to Mazza, the accuracy of fetal-sex predic-
tion increased from 60% at 18 mm of biparietal diameter
(BPD) to 100% at BPD of 23 mm (corresponding to
12+ LMP-based age) (Mazza et al., 1999).

According to Efrat, the accuracy of sex determina-
tion increased with gestation from 70.3% at 11 weeks
to 98.7% at 12 weeks and to 100% at 13 weeks (corre-
sponding to 68 mm of CRL) (Efrat et al., 1999).

With advances in technology, it has now become
possible to detect structural genital anomalies (Man-
dell et al., 1995), and, recently, accuracy in the pre-
natal diagnosis of abnormal genitalia and its impact
on post-natal management was retrospectively analysed
(Cheikhelard et al., 2000). In routine circumstances,
when the sonographic and the cytogenetic findings show
that sex is discordant, a gonadal or genital developmen-
tal anomaly is suspected. In 1984, Stephens reported the
first prenatal diagnosis of testicular feminization discov-
ered by a difference between a sonographically female
phenotype and a 46,XY karyotype (Stephens, 1984).
Recently, we have described an early prenatal diagnosis
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of female pseudohermaphroditism associated with bilat-
eral luteoma of pregnancies on the basis of male pheno-
type revealed by sonography at 23-mm BPD (12*° last
menstrual period (LMP)-based age) and normal female
karyotype (Mazza et al., 2002).

Here, we present a case of early prenatal diagnosis of
recurrent 46,XY partial gonadal dysgenesis on the basis
of discordance between sonographic fetal-sex determi-
nation and karyotype.

CASE REPORT

A woman, gravida 2 para 1, was referred to our prenatal
unit at 1272 LMP-based age because the first child was
affected by 46,XY partial gonadal dysgenesis.

The pedigree of the family did not reveal signif-
icant genital anomalies (only the paternal uncle of
the proband’s father was affected by bilateral cryp-
torchidism).

At birth her first child presented a phallus of 1.5 cm,
perineoscrotal hypospadias, a blind vagina, and a bifid
scrotum. The karyotype was 46,XY without mosaicism.
Therefore, he was assigned and raised as a male.

A hypoplastic uterus with bilateral ducts resembling
tubes was reported at laparotomy (aged three years),
while intra-abdominal gonads appeared anatomically to
be the testes. Bilateral gonadectomy was performed at
the age of four years. The testes contained dysgenetic
seminiferous cords devoid of germ cells with rare
Leydig cells. The histology was consistent with the
differentiation of a vas deferens on the left side, whereas
the presence of a hypotrophic tube was confirmed on the
right side. Masculinizing genitoplasty was completed at
the age of six years. No extragenital anomalies were
observed at birth and on follow-up (presently the child
is 10 years old).

The karyotype was 46,XY without mosaicism.

Gonadotrophins and testosterone were measured at
two months of age and appeared in the normal range
for a prepubertal male [FSH = 4.2 mU/mL (2-9.8);
LH < 0.5 mU/mL (0.5-6.9); T = 0.17 ng/mL (0-20)].
A response of testosterone production to human
chorionic gonadotrophins could be detected (from
0.01-0.42 ng/mL).

Molecular analyses included a study of SRY, which
was amplified by PCR on the DNA from the patient,
and the androgen receptor. No mutations were found
by DNA sequencing in the androgen receptor gene, and
no quantitative anomalies of binding capacity (reflecting
the number of expressed receptors) or affinity for the lig-
and were detected in cultured skin fibroblasts [Scatchard
analysis: Bpax = 689 fmol/mg DNA (659-967); K; =
0.29 nmol/L. (0.23-0.25)]. Finally, analysis of DNA
sequences harbouring known single-nucleotide polymor-
phisms from distal 9p showed that the patient had two
different alleles in this region, thereby excluding large
deletions (Ottolenghi er al., 2000).

In the present pregnancy, the fetus was first sono-
graphically evaluated at 21-mm BPD (12+2 LMP-based
age). The genitalia appeared to be female (Figure 1A),
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but in our experience, sonographic sexing at this age
is not fully specific. Therefore, a second sonography
was performed at 23-mm BPD (12+% LMP-based age)
and female genitalia were confirmed. At this age, our
experience shows that sonography is fully discrimina-
tive between sexes (Mazza et al., 1999). Two additional
sonographic evaluations were performed as part of the
follow-up of the pregnancy, at 30- and 41-mm BPD
(Figures 1B—1D), confirming the previous sex assign-
ment of genitalia. Karyotype analysis was performed on
amniotic fluid and it revealed a 46,XY complement with-
out mosaicism. Pregnancy was interrupted at 17 weeks
in another hospital for psychosocial reasons.

The fetus had well-developed female external geni-
talia, with unfused labia majora and hypoplastic labia
minora (Figure 2), as usually observed before 20 weeks
(Ammini et al., 1994). Internal genitalia were repre-
sented by well-developed miillerian derivatives (bilat-
eral tubes and uterus with normal cytodifferentiation)
(Figure 3A). Some mesonephric tubular structures lined
by cuboidal cells were located adjacent to the gonads
(Figure 4A), as is commonly found in both sexes
(Figures 4B and 4C). We failed to detect well-developed
wolffian derivatives. Extragenital anomalies, particularly
growth delay, anomalies of long bones, and renal anoma-
lies, were not observed. Both gonads were dysgenetic
and had similar appearance. First, they had an elongated
shape and lacked a tunica albuginea (Figures 3 and 4D).
These features are reminiscent of indifferent gonads, and
can be distinguished from fetal ovaries by the absence of
small cuboidal cells characteristic of the ovary surface
epithelium, as shown for a control ovary at 13 weeks
(Figure 4E). In addition, no follicles or germ cells of
either sex were observed. Second, neither gonad con-
tained recognisable seminiferous cords, and only rare,
small clusters of Leydig-like cells could be detected
(large, polygonal cells with eosinophilic cytoplasm and
amphiphilic nuclei with prominent nucleoli). The latter
contrasts with the usual peak of abundance of Leydig
cells in the human fetal testis at 17 to 19 weeks (Waters
and Trainer, 1996) (and Figure 4F).

These data indicate that both the child and the fetus
were affected by 46,XY partial gonadal dysgenesis.

DISCUSSION

Approximately 1 in 5000 babies is born with ambiguous
genitalia (Kutteh et al., 1995). The classification of
this disorder in newborns is difficult because similar
phenotypes can have several different aetiologies. In
most cases, it was not possible to correlate aetiology
of the disorder with the degree of anomalies of the
external genitalia. In many cases, disorders of sexual
differentiation are inherited as single-gene mutations,
and their analysis has been especially informative in
defining the molecular and genetic determinants in
sexual development and risk of recurrence (Sarafoglou
and Ostrer, 2000).

The term gonadal dysgenesis is generally used to
describe a variety of clinical conditions in which
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Figure 1—Sonography for fetal-gender assignment. (A, B, C) Sagittal sections of external genitalia at 21-, 30- and 41-mm BPD, respectively.
The arrows point to the bulge/clitoris. (D) Coronal section of external genitalia at 41-mm BPD. The arrows point to the labia majora and minora

Figure 2—External genitalia of the fetus with 46,XY partial gonadal
dysgenesis at 17 weeks’ gestation. The arrows point to the unfused
labia majora

development of the fetal gonad is abnormal in the
presence of either normal sex karyotype, 45,X kary-
otype, or 45,X/46,XY mosaicism. According to a widely
followed classification, the condition 46,XY gonadal

Copyright © 2003 John Wiley & Sons, Ltd.

dysgenesis comprises two forms, termed complete and
partial .

(Berkovitz et al., 1991). Complete 46,XY gonadal
dysgenesis, also termed pure to indicate the absence of
Turner stigmata, is associated with complete phenotypic
male-to-female sex reversal and with streak gonads. The
term partial 46,XY gonadal dysgenesis is used when-
ever ambiguous or female genitalia are observed in the
presence of abnormal testicular differentiation, that is,
whenever seminiferous tubules are poorly developed, or
partly replaced by ovarian-like stroma, in one or both
gonads. Partial 46,XY gonadal dysgenesis is sometimes
referred to as 46,XY mixed gonadal dysgenesis and dys-
genetic male pseudohermaphroditism (Berkovitz et al.,
1991; Berkovitz, 1992).

Interestingly, in the case presented here, a severe
form of gonadal dysgenesis is described in a fetus
aged 17 weeks. The absence of recognisable seminifer-
ous cords and the development of miillerian derivatives,
which are fated to regress by about 12 weeks in human
male embryos (Jost, 1972), indicate that the gonads
were non-functional before, or at the time of, gonadal
sex determination; that is, miillerian inhibiting substance
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Figure 3—Histology of the gonads and internal genitalia of the affected fetus aged 17 weeks (hematoxylin—eosin staining, HES; x1.25).
Arrowhead and arrow: portion of the mesonephric derivatives and portion of the gonad, which are shown with greater magnification in Figures 4A

and 4D, respectively

anti-miillerian hormone (MIS/AMH) was not produced
to any significant extent. Similarly, female development
of internal and external genitalia suggests early impair-
ment of the function of the male sex steroid-secreting
(Leydig) cells. Consistent with these results, Leydig
cells were very rare in both gonads (Figures 4A and
4D), contrasting with the features of age-matched testes
as shown in Figure 4E. Incidentally, the sequence and
function of the androgen receptor gene, although not
a likely candidate for gonadal anomalies (Chen et al.,
1999) was shown to be normal in the child from the pre-
vious pregnancy. Combined with the ovary-like shape of
the gonads and the absence of tunica albuginea resem-
bling indifferent gonads (compared with the ovary of a
younger fetus, Figure 4F), these data suggest that testis
differentiation, although initiated to some extent, was
severely abnormal at a very early stage.

While partial masculinization of internal and external
genitalia indicates that the underlying mutation was less
penetrant in the child from the previous pregnancy than
in the fetus, it is remarkable that the former had similar
gonadal anomalies, particularly an immature appearance,
no germ cells, and scattered Leydig cells.

Both the child and the fetus had no extrageni-
tal anomalies. The aetiology of non-syndromic forms
of 46, XY partial gonadal dysgenesis is still poorly
understood. The gene SRY is rarely mutated in the
partial form, and most other chromosomal rearrange-
ments and intragenic mutations are systematically asso-
ciated with extragenital anomalies (Bardoni et al., 1994;
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Nordenskjold et al., 1995; Kwok et al., 1996). A region
on distal 9p is known to be deleted in several patients
with isolated 46,XY gonadal dysgenesis (Bennett ef al.,
1993; and references therein), but in our case, analysis
of nucleotide polymorphisms excluded the presence of
a large deletion of the region.

46,XY partial gonadal dysgenesis could arise from
a partial defect in the testis-determining factor (TDF)
function or in another gene involved in the early stages
of testicular differentiation. Although TDF is the trigger,
a variety of other genes must also be involved in this
differentiation, but few candidates have been identified
(Berkovitz et al., 1991). Studies of mice also suggest
a role for autosomal genes in testicular determination
(Washburn and Eicher, 1983).

In addition, there is an X-linked form of 46,XY
gonadal dysgenesis.

Both the complete and partial forms of 46,XY gonadal
dysgenesis are usually sporadic, but familiarity, which is
mostly limited to sibships, has been ascertained in some
cases.

Here, we present one of the rare cases of recurrent
familial 46,XY partial gonadal dysgenesis described in
literature (Fechner et al., 1993), (Phansey et al., 1980),
(Barr et al., 1967).

Incompletely penetrant SRY mutations have been
reported in some families with 46,XY complete gonadal
dysgenesis, whilst in other cases, inheritance can be X-
linked, autosomal recessive, or sex-limited autosomal
dominant (Espiner et al., 1970; German et al., 1978;
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Figure 4—Histology of the hilar portion of the gonads (HES; x8), including mesonephric tubules (A, B, C), and details of the gonads (HES;
x20) (D, E, F). (A, D) Dysgenetic gonads—affected fetus aged 17 weeks; (B, E) testes from a normal male fetus aged 18 weeks; and (C, F)
ovaries from a normal female fetus aged 13 weeks. In the left panel, the arrows indicate mesonephric tubules. In the right panel, the thick arrows
indicate Leydig cells, the thin arrows indicate germ cells, and the bidirectional arrow spans the thick tunica albuginea

Mann et al., 1983; Boczkowski, 1976; Naffah, 1989;
Mendonca et al., 1994; Kempe et al., 2002; Josso and
Briard, 1980; Calvari ef al., 2000; Barr ef al., 1967,
Phansey e al., 1980; Fechner et al., 1993; Acquafredda
et al., 1987). Although the incidence of recurrent cases is
not known, our report draws attention to the fact that fol-
lowing the diagnosis of a case of 46,XY partial gonadal
dysgenesis, close scrutiny of subsequent pregnancies by
combining karyotype analysis and sonography is highly
informative and should be performed.

With recurrent fetal pathologies, in particular, those
related to genital anomalies, parents often have opposite

Copyright © 2003 John Wiley & Sons, Ltd.

decisional reactions in case of a second pregnancy with
an affected fetus, even when it is possible to treat
with appropriate means and to enable a good quality
of life.

In our case, we proposed the couple the assignment
at birth of female sex to the second child, even though
the karyotype was 46,XY; nevertheless, they decided to
terminate the pregnancy.

However, we believe that genetic counselling will
benefit from obtaining precise and early information
about whether sexual development of a fetus is
abnormal.

Prenat Diagn 2003; 23: 716-721.
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The choice of therapeutic abortion, as decided in our
family, can be debated for cases of isolated 46,XY
gonadal dysgenesis.

It should be stressed that the modes of transmission
that can be inferred from the familial cases described
so far (Fechner et al., 1993), (Phansey et al., 1980),
(Barr et al., 1967) suggest that the risk of recurrence
for karyotypic males in cases of 46,XY partial gonadal
dysgenesis should be evaluated by assuming Mendelian
inheritance.

In conclusion, in our experience, the sex of exter-
nal genitalia can be assessed with full discrimination
at 23-mm BPD (12% LMP-based age) by sonography.
This permits early recognition of a discordance between
genetic sex, as established by karyotype and analysis of
SRY, and phenotypic sex, based on sonographic evalua-
tion of external genitalia. Combining early analyses of
genetic and phenotypic sex will be instrumental for the
diagnosis of familial anomalies of sexual development,
as in this case, which represents the first report of early
prenatal diagnosis of recurrent 46,XY partial gonadal
dysgenesis.
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